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(54) Fuel cell with metal clip members 

(57) A fuel cell (1 0) includes a plurality of metal clip 
members (56) for holding outer regions of first and sec- 
ond metal separators (24, 26) at a plurality of positions. 
Each of the metal clip member (56) includes a side plate 
(68) and first and second holding portions (70, 72). The 
side plate (68) is curved at opposite ends, and the first 
and second holding portions (70, 72) are extending from 
the opposite ends of the side plate (68). The first and 
second holding portions (70, 72) generates a predeter- 
mined elastic force for holding the first and second metal 
separators (24, 26). The outer ends of the first and sec- 
ond metal separators (24, 26) are covered by insulating 
sections, and the insulating sections are held between 
the first and second holding portions (70, 72) so that the 
entire unit cell (12) is tightened by the predetermined 
elastic force. 
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Description 

[0001] The present invention relates to a fuel cell in- 
cluding at least one unit cell. The unit cell includes an 
electrolyte electrode assembly, and first and second s 
separators for sandwiching the electrolyte electrode as- 
sembly. The electrolyte electrode assembly includes a 
pair of electrodes and an electrolyte interposed between 
the electrodes. 

[0002] For example, a solid polymer electrolyte fuel 
cell employs a membrane electrode assembly (MEA) 
which includes two electrodes (anode and cathode), 
and an electrolyte membrane interposed between the 
electrodes. The electrolyte membrane is a polymer ion 
exchange membrane. The membrane electrode assem- 
bly is interposed between a pair of separators. The 
membrane electrode assembly and the separators 
make up a unit cell for generating electricity. 
[0003] In the unit cell, a fuel gas (reactant gas) such 
as a gas chiefly containing hydrogen (hydrogen-con- 
taining gas) is supplied to the anode. The catalyst of the 
anode induces a chemical reaction of the fuel gas to split 
the hydrogen molecule into hydrogen ions (protons) and 
electrons. The hydrogen ions move toward the cathode 
through the electrolyte, and the electrons flow through 
an external circuit to the cathode, creating a DC electric 
current. A gas chiefly containing oxygen (oxygen-con- 
taining gas) or air is supplied to the cathode. At the cath- 
ode, the hydrogen ions from the anode combine with the 
electrons and oxygen to produce water. 
[0004] Generally, several tens to hundreds of unit 
cells are stacked together to form a stack of the fuel cell. 
These unit cells need to be in alignment with each other 
accurately. In order to achieve the accurate positioning 
of the unit cells, typically, a knock pin is inserted in each 
of positioning holes formed in the unit cells. When a 
large number of the unit cells are stacked together, the 
operation of inserting the knock pins into the holes of 
the unit cells is laborious, and the fuel cell can not be 
assembled efficiently. Positional displacement between 
components may occur undesirably, and the desired 
sealing performance may not be achieved. 
[0005] In an attempt to address the problem, tech- 
niques as disclosed in Japanese laid-open patent pub- 
lication No. 2000-1 2067 and Japanese laid-open patent 
publication No. 7-29580 are proposed. Japanese laid- 
open patent publication No. 2000-1 2067 discloses a sol- 
id polymer electrolyte fuel cell 1 shown in FIG. 9. The 
fuel cell 1 includes a unit cell 2 and separators 3a, 3b 
for sandwiching the unit cell 2. The unit cell 2 includes 
a solid polymer electrolyte membrane 2a, an anode 2b 
provided on one surface of the solid polymer electrolyte 
membrane 2a, and a cathode 2c provided on the other 
surface of the solid polymer electrolyte membrane 2a. 
[0006] Holes 4 extend through the fuel cell 1 in a 
stacking direction of the fuel cell 1 for inserting holding 
pins 6. The separator 3b has openings 5 for inserting 
snap rings 7. The holding pin 6 has a snap ring attach- 



ment groove 6a. The holding pin 6 is inserted into the 
hole 4, the snap ring 7 is inserted into the opening 5, 
and the snap ring 7 is fitted to the snap ring attachment 
groove 6a. At one end of the holding pin 6, a chamfered 
tip 6b is formed. At the other end of the holding pin 6, a 
hole 6c for inserting the tip 6b of another holding pin 6 
is formed. 

[0007] As described above, in the system of the fuel 
cell 1 , the holding pin 6 is inserted into the hole 4, and 
the snap ring 7 is inserted into the opening 5. The snap 
ring 7 is fitted to the snap ring attachment groove 6a for 
tightening the fuel cell 1. 

[0008] Thus, the tip 6b of the holding pin 6 projecting 
from the outer surface of the separator 3b is fitted to the 
hole 6c of another holding pin 6 which tightens another 
fuel cell 1. In this manner, the adjacent fuel cells 1 are 
stacked in alignment with each other. 
[0009] Further, Japanese laid-open patent publication 
No. 7-29580 discloses a fuel cell shown in FIG. 1 0. The 
fuel ceil includes a unit cell 8 of a rectangular parallel- 
piped. A pair of terminals 9a, 9b are provided on oppo- 
site sides of the unit cell 8. The terminal 9a is connected 
to an anode b, and the terminal 9b is connected to a 
cathode 2c. Further, holding members 9c, 9d are pro- 
vided on opposite sides of the unit cell 8 in another di- 
rection. The components of the unit cell 8 are fastened 
together by the terminals 9a, 9b and the holding mem- 
bers 9c, 9d. 

[0010] According to the disclosure of Japanese laid- 
open patent publication No. 2000-12067, a plurality of 
the holding pins 6 need to be inserted into the holes 4 
for each of the unit cells 2. Further, the snap rings 7 need 
to be fitted to the respective snap ring attachment 
grooves 6a of the holding pins 6. Thus, when a large 
number of unit cells 2 are stacked together, operation of 
assembling the holding pins 6 and the snap rings 7 is 
considerably laborious, and can not be performed effi- 
ciently. 

[0011] According to the disclosure of Japanese laid- 
open patent publication No. 7-29580, each of the termi- 
nals 9a, 9b, and the holding members 9c, 9d has two 
holding portions HP extending from a base plate BP for 
holding the unit cell 8. The length of the holding portions 
HP is shorter than the length of the base plate BP. The 
unit cell 8 may not be held reliably between the holding 
portions HP. Thus, the terminals 9a, 9b, and the holding 
members 9a, 9b are disengaged easily from the unit cell 
8. 

[0012] The terminals 9a, 9b, and the holding mem- 
bers 9c, 9d cover the entire circumferential side surfac- 
es of the unit cell 8. Therefore, the fuel cell is large and 
heavy. Further, the holding portions HP are overlapped 
with each other when the unit cells 8 are stacked. The 
dimension of the fuel cell in the stacking direction is large 
by the thickness of the holding portions HP stacked to 
cover the unit cells 8. 

[001 3] A main object of the present invention is to pro- 
vide a fuel ceil with a compact and simple structure in 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP1 445 815 A2 



4 



which unit cells are reliably fastened together, and the 
fuel cell can be assembled easily. 
[0014] According to the present invention, a plurality 
of metal clip members are provided for holding outer re- 
gions of first and second separators at a plurality of po- 
sitions. Each of the metal clip members includes a side 
plate curved at opposite ends, and first and second hold- 
ing portions extending from the opposite ends of the side 
plate. The length of the first and second holding portions 
is greater than the length of the side plate, so that the 
first and second separators are tightened together be- 
tween the first and second holding portions by an elastic 
force applied by the first and second holding portions. 
[001 5] Since the metal clip member has relatively long 
first and second holding portions, the outer regions of 
first and second separators are securely fastened by the 
first and second holding portions. Therefore, it is possi- 
ble to effectively prevent the metal clip member from be- 
ing detached from the first and second separators. The 
first and second holding portions are long in comparison 
with the side plate of the metal clip member. The first 
and second holding portions have the elasticity to se- 
curely tighten the first and second separators. Thus, the 
unit cell can be assembled efficiently, and the number 
of steps for assembling the unit cell is small. The sealing 
performance can be maintained in handling the unit cell, 
and the unit cell can be handled efficiently. In the unit 
cell, the membrane electrode assembly is interposed 
between the first and second separators. The humidity 
at the membrane electrode assembly is kept at a desired 
level. The membrane electrode assembly is not dried, 
and the desired performance of the unit cell is main- 
tained. 

[0016] The first and second holding portions may 
have edges curved or bent away from each other. Thus, 
the first and second separators can be inserted between 
the edges of the first and second holding portions 
smoothly. The metal clip members can be attached to 
the first and second separators simply and reliably. 
[0017] The fuel cell may include first and second unit 
cells stacked together in a stacking direction. Each of 
the first and second unit cells may include a clip attach- 
ment section for attaching the metal clip member. The 
metal clip member attached to the clip attachment sec- 
tion of the first unit cell is not in alignment with the metal 
clip member attached to the clip attachment section of 
the second unit cell. When the first and second unit cells 
are stacked together to form a stacked body, the metal 
clip members are not overlapped in the stacking direc- 
tion. Thus, the dimension of the stacked body in the 
stacking direction is not large. 
[0018] Each of the first and second separators may 
include a metal plate and an insulating section of insu- 
lating resin or insulating coating formed at an outer end 
of the metal plate. The metal clip member is attached to 
the insulating section of the first separator and the insu- 
lating section of the second separator. With the simple 
and inexpensive structure, the short circuit between the 



first and second separators through the metal clip mem- 
ber is prevented, and the desired power generation per- 
formance can be maintained. 
[0019] The first and second separators may include 

s curved ends, respectively. The curved ends of the first 
and second separators are curved or bent away from 
each other at the insulating sections of the first and sec- 
ond separators. Therefore, it is possible to effectively 
prevent the metal clip member from being detached 

10 from the first and second separators. 

[0020] The curved end may include the insulating sec- 
tion of insulating resin or insulating coating formed at 
the outer end of the metal plate. In this case, the struc- 
ture of the curved end is simple. 

'5 [0021] Preferred embodiments of the present inven- 
tion will now be described by way of example only and 
with reference to the accompanying drawings in which: 

FIG. 1 is a view schematically showing a fuel cell 
20 according to a first embodiment of the present in- 
vention; 

FIG. 2 is an exploded view schematically showing 
a unit cell of the fuel cell; 
FIG. 3 is a front view showing the unit cell; 
25 FIG. 4 is a perspective view showing a metal clip 
member; 

FIG. 5 is a perspective view showing the unit cells 
which are to be stacked together; 
FIG. 6 is a cross sectional view partially showing 
30 curved ends of an alternative type; 

FIG. 7 is a perspective view showing a metal clip 
member of a fuel cell according to a second embod- 
iment of the present invention; 
FIG. 8 is a view showing a metal clip member of a 
35 fuel cell according to a third embodiment of the 
present invention; 

FIG. 9 is a view showing a fuel cell disclosed in Jap- 
anese laid-open patent publication No. 
2000-12067; and 
^o FIG. 1 0 is a view showing a fuel cell disclosed in 
Japanese laid-open patent publication No. 
7-29580. 

[0022] FIG. 1 is a view schematically showing a fuel 
45 cell 10 according to a first embodiment of the present 
invention. 

[0023] The fuel cell 10 includes a stacked body 14 
formed by stacking a plurality of unit cells 12 in a direc- . 
tion indicated by an arrow A. Terminal plates 16a, 16b 
so are provided on the outermost unit cells 12 at opposite 
ends of the stacked body 14, respectively. Insulating 
plate 18a, 18b are provided on the terminal plates 16a, 
16b, respectively. Further, end plates 20a, 20b are pro- 
vided on the insulating plates 18a, 18b, respectively. 
55 The end plates 20a, 20b are fastened by tie rods or the 
like (not shown) for tightening the unit cells 1 2 of the fuel 
cell 10 with a predetermined tightening force in the di- 
rection indicated by the arrow A. 
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[0024] As shown in FIG. 2, the unit cell 12 includes a 
membrane electrode assembly (electrolyte electrode 
assembly) 22 and first and second metaJ separators 24, 
26 for sandwiching the membrane electrode assembly 
22. 

[0025] At one horizontal end of the unit cell 12 in a 
direction indicated by an arrow B, an oxygen-containing 
gas supply passage 30a for supplying an oxygen-con- 
taining gas, a coolant discharge passage 32b for dis- 
charging a coolant, and a fuel gas discharge passage 
34b for discharging a fuel gas such as a hydrogen-con- 
taining gas are arranged vertically in a direction indicat- 
ed by an arrow C. The oxygen-containing gas supply 
passage 30a, the coolant discharge passage 32b, and 
the fuel gas discharge passage 34b extend through the 
unit cell 12 in the stacking direction indicated by the ar- 
row A. 

[0026] At the other horizontal end of the unit cell 1 2 in 
the direction indicated by the arrow B, a fuel gas supply 
passage 34a for supplying the fuel gas, a coolant supply 
passage 32a for supplying the coolant, and an oxygen- 
containing gas discharge passage 30b for discharging 
the oxygen-containing gas are arranged vertically in the 
direction indicated by the arrow C. The fuel gas supply 
passage 34a, the coolant supply passage 32a, and the 
oxygen-containing gas discharge passage 30b extend 
through the fuel cell 10 in the direction indicated by the 
arrow A. 

[0027] The membrane electrode assembly 22 com- 
prises an anode 38, a cathode 40, and a solid polymer 
electrolyte membrane (electrolyte) 36 interposed be- 
tween the anode 38 and the cathode 40 (see FIGS. 1 
and 2). The solid polymer electrolyte membrane 36 is 
formed by impregnating a thin membrane of perfluoro- 
suifonic acid with water, for example. 
[0028] Each of the anode 38 and cathode 40 has a 
gas diffusion layer such as a carbon paper, and an elec- 
trode catalyst layer of platinum alloy supported on po- 
rous carbon particles. The carbon particles are depos- 
ited uniformly on the surface of the gas diffusion layer. 
The electrode catalyst layer of the anode 38 and the 
electrode catalyst layer of the cathode 40 are fixed to 
both surfaces of the solid polymer electrolyte membrane 
36, respectively. 

[0029] As shown in FIG. 2, the first metal separator 
24 has an oxygen-containing gas flow field 42 on its sur- 
face 24a facing the membrane electrode assembly 22. 
The oxygen-containing gas flow field 42 includes a plu- 
rality of grooves extending straight in the direction indi- 
cated by the arrow B, for example. The oxygen-contain- 
ing gas flow field 42 is connected to the oxygen-contain- 
ing gas supply passage 30a at one end, and connected 
to the oxygen-containing gas discharge passage 30b at 
the other end. 

[0030] The second metal separator 26 has a fuel gas 
flow field 44 on its surface 26a facing the membrane 
electrode assembly 22. The fuel gas flow field 44 in- 
cludes a plurality of grooves extending straight in the 



direction indicated by the arrow B, for example. The fuel 
gas flow field 44 is connected to the fuel gas supply pas- 
sage 34a at one end, and connected to the fuel gas dis- 
charge passage 34b at the other end. 

s [0031] As shown in FIG. 2, a coolant flow field 46 is 
formed between a surface 24b of the first metal separa- 
tor 24 and a surface 26b of the second metal separator 
26. The coolant flow field 46 includes a plurality of 
grooves extending straight in the direction indicated by 

10 the arrow B. Specifically, the coolant flow field 46 is 
formed by combining grooves on the first metal separa- 
tor 24 and grooves on the second metal separator 26 
when the first and second metal separators 24, 26 are 
stacked together. The coolant flow field 46 is connected 

15 to the coolant supply passage 32a at one end, and con- 
nected to the coolant discharge passage 32b at the oth- 
er end. 

[0032] First seal members (resin insulators) 50 are 
formed integrally on both surfaces 24a, 24b of the first 

20 metal separator 24, for example, by mold forming. The 
first seal member 50 on the surface 24a is provided 
around the oxygen-containing gas flow field 42 connect- 
ed between the oxygen-containing supply passage 30a 
and the oxygen-containing gas discharge passage 30b. 

25 The first seal member 50 on the surface 24b is provided 
around the coolant flow field 46 connected between the 
coolant supply passage 32a and the coolant discharge 
passage 32b. 

[0033] As shown in FIG. 1 , a curved end 52 is provid- 
30 ed at an outer end of the first metal separator 24. The 
curved end 52 is curved or bent away from the mem- 
brane electrode assembly 22. The first seal member 50 
includes an insulating section 54 which covers the 
curved end 52. A metal clip member 56 described later 
35 is attached to the insulating section 54. The insulating 
section 54 has a step 54a which is curved or bent cor- 
responding to the shape of the curved end 52. The step 
54a prevents the disengagement of the metal clip mem- 
ber 56. 

40 [0034] Second seal members (resin insulators) 58 are 
formed integrally on both surfaces 26a, 26b of the sec- 
ond metal separator 26, for example, by mold forming. 
The second seal member 58 on the surface 26b is pro- 
vided around the fuel gas flow field 44 connected be- 

45 tween the fuel gas supply passage 34a and the fuel gas 
discharge passage 34b. The second seal member 58 
on the surface 24a is provided around the coolant flow 
field 46 connected between the coolant supply passage 
32a and the coolant discharge passage 32b. 

so [0035] As shown in FIG. 1 , a curved end 60 is provid- 
ed at an outer end of the second metal separator 26. 
The curved end 60 is curved or bent away from the 
membrane electrode assembly 22. The second seal 
member 58 includes an insulating section 62 which cov- 

55 ers the curved end 60. A metal clip member 56 is at- 
tached to the insulating section 62. The insulating sec- 
tion 62 has a step 62a which is curved or bent corre- 
sponding to the shape of the curved end 60. 
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[0036] The curved end 52 of the first metal separator 
24 and the curved end 60 of the second metaJ separator 
26 are curved or bent away from each other for prevent- 
ing disengagement of the metal clip member 56 from 
the first and second metal separators 24, 26. 
[0037] The curved ends 52, 60 of the first and second 
metal separators 24, 26 are curved away from each oth- 
er. Thus, the rigidity of the outer ends of the first and 
second metal separators 24, 26 is improved. A plurality 
of the metal clip members 56 are used for holding the 
outer regions of the first and second metal separators 
24, 26 of the unit cell 12 at a plurality of positions. 
[0038] As shown in FIG. 3, clip attachment sections 
64a through 64k are provided at predetermined posi- 
tions in the outer region of the unit cell 12. Each of the 
clip attachment sections 64a through 64k includes first 
and second positions 66a and 66b. For example, the 
metal clip member 56 is selectively attached to one of 
first and second positions 66a and 66b of the clip attach- 
ment section 64a along the width in the direction indi- 
cated by the arrow B. Likewise, each of the clip attach- 
ment sections 64b through 64k includes first and second 
positions for selectively attaching the metal clip mem- 
bers 56. 

[0039] As shown in FIG. 4, the metal clip member 56 
is formed by bending a thin metal plate. The metal clip 
member 56 includes a side plate 68 and first and second 
holding portions 70, 72. The side plate 68 is bent at op- 
posite ends, and the first and second holding portions 
70, 72 are extending from the opposite ends of the side 
plate 68. The dimension H1 of the first and second hold- 
ing portions 70, 72 is greater than the dimension (width) 
H2 of the side plate 68. The side plate 68, and the first 
and second holding portions 70, 72 generate a desired 
elastic force to tighten the unit cell 12 sandwiched be- 
tween the first and second holding portions 70, 72. The 
first and second holding portions have edges 70a, 72a 
which are curved or bent away from each other. 
[0040] Next, operation of assembling the fuel cell 10 
will be described. 

[0041 ] Firstly, as shown in FIG. 2, the membrane elec- 
trode assembly 22 is sandwiched between the first and 
second metal separators 24, 26. Then, as shown in FIG. 
3, the metal clip members 56 are attached at the first 
positions 66a of the clip attachment sections 64a 
through 64k, respectively. 

[0042] In the first embodiment, the dimension H1 of 
the first and second holding portions 70, 72 of the metal 
clip member 56 is greater than the dimension (width) H2 
of the side plate 68, and the side plate 68, and the first 
and second holding portions 70, 72 have the elasticity 
to generate the desired elastic force (see FIG. 4). There- 
fore, when the metal clip members 56 are attached at 
the first positions 66a, as shown in FIG. 1 , the outer re- 
gions of the first and second metal separators 24, 26 
are reliably held between the relatively long first and 
second holding portions 70, 72. The metal clip members 
56 are not detached from the first and second metal sep- 



arators 24, 26. Thus, the components of the unft cell 1 2 
are securely fastened together. 
[0043] Further, the first and second holding portions 
70, 72 are long, and have a high elasticity to hold the 
5 first and second metal separators 24, 26 desirably. 
Therefore, when the first and second metal separators 
24, 26 are held between the first and second holding 
portions 70, 72 for fastening the components of the unit 
cell 12, the sealing performance is maintained, and the 
unit cell 12 can be handled efficiently. 
[0044] Further, the metal clip members 56 can be at- 
tached to the first and second metal separators 24, 26 
simply by fitting the metal clip member 56 to the first and 
second metal separators 24, 26 at the first positions 66a. 
The components of the unit cell 12 can be assembled 
easily. The number of steps for assembling the unit cell 
12 can be reduced significantly. The efficient assem- 
bling operation can be carried out easily. Further, in the 
unit cell 12, the membrane electrode assembly 22 is in- 
terposed between the first and second metal separators 
24, 26. The humidity at the membrane electrode assem- 
bly 22 is kept at a desired level. The membrane elec- 
trode assembly 22 is not dried, and the desired perform- 
ance of the unit cell 12 is maintained. 
[0045] The edges 70a, 72a of the first and second 
holding portions 70, 72 are curved or bent away from 
each other. Thus, the first and second metal separators 
24, 26 can be inserted between the edges 70a, 72a, 
smoothly. The metal clip members 56 can be attached 
to the first and second metal separators 24, 26 simply 
and reliably. 

[0046] The first and second seal members 50, 58 cov- 
er the outer regions of the first and second metal sepa- 
rators 24, 26. Trie metal clip member 56 is attached to 
the insulating sections 54, 62 of the first and second seal 
members 50, 58. Thus, the short circuit between the first 
and second metal separators 24, 26 through the metal 
clip member 56 is prevented, and the desired power 
generation performance can be maintained. 
[0047] The curved ends 52, 60 are provided at the out- 
er ends of the first and second metal separators 24, 26, 
respectively. The curved end 52 of the first metal sepa- 
rator 24 and the curved end 60 of the second metal sep- 
arator 26 are curved or bent away from each other. The 
curved ends 52, 60 are covered by the insulating sec- 
tions 54, 62 of the first and second seal members 50, 
58. The insulating sections 54, 62 have the steps 54a, 
62a corresponding to the shapes of the curved ends 52, 
60. The steps 54a, 62a effectively prevent the disen- 
gagement of the metal clip member 56 attached to the 
unit cell 12. 

[0048] In the first embodiment, the curved ends 52, 
62 are provided at the outer ends of the first and second 
metal separators 24, 26. The embodiment can be mod- 
ified depending on the application. For example, instead 
of using the curved ends 52, 60, in an alternate embod- 
iment shown in FIG. 6, curved insulating sections 76, 78 
may be provided as the insulating sections 54, 62 by 
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insulating resin or insulating coating for insulating the 
outer ends of the first and second metal separators 24, 
26. 

[0049] Then, another unit cell (second unit cell) 12 is 
stacked on the unit cell 1 2. The metal clip members 56 5 
are attached to the second positions 66b of the clip at- 
tachment sections 64a through 64k (see FIG. 5) of the 
second unit cell 12. Further, still another unit cell (third 
unit cell) 12 is provided on the second unit cell 12. The 
metal clip members 56 are attached to the first positions 
66a of the clip attachment sections 64a through 64k of 
the third unit cell 12. 

[0050] Thus, when a plurality of the unit cells 12 are 
stacked together to form the stacked body 1 4, the metal 
clip members 56 attached to the respective unit cells 1 2 
are out of alignment with each other, and are not over- 
lapped in the stacking direction. Thus, the dimension of 
the stacked body 1 4 in the stacking direction is not large. 
[0051] After a predetermined number of the unit cells 
1 2 are stacked together in the direction indicated by the 
arrow A to form the stacked body 1 4, the terminal plates 
16a, 16b are provided outside the stacked body 14. 
Tnen, the insulator plates 1 8a, 1 8b are provided outside 
the terminal plates 16a, 16b, and the end plates 20a, 
20b are provided outside the terminal plates 16a, 16b. 
The end plates 20a, 20b are tightened together by tie 
rods or the like (not shown). In this manner, the fuel cell 
10 is assembled. 

[0052] Next, operation of the fuel cell 10 will be de- 
scribed below. 

[0053] Referring to FIG. 1 , in the fuel cell 10, an oxy- 
gen-containing gas such as air, a fuel gas such as a hy- 
drogen-containing gas, and a coolant such as pure wa- 
ter, an ethylene glycol or an oil are supplied to the 
stacked body 14 formed by stacking a predetermined 
number of the unit cells 12. 

[0054] As shown in FIG. 2, in each of the unit cells 12, 
the oxygen-containing gas flows from the oxygen-con- 
taining gas supply passage 30a into the oxygen-con- 
taining gas flow field 42 of the first metal separator 24. 
The oxygen-containing gas flows in the direction indi- 
cated by the arrow B along the cathode 40 of the mem- 
brane electrode assembly 22 to induce a chemical re- 
action at the cathode 40. The fuel gas flows from the 
fuel gas supply passage 34a into the fuel gas flow field 
44 of the second metal separator 26. The fuel gas flows 
in the direction indicated by the arrow B along the anode 
38 of the membrane electrode assembly 22 to induce a 
chemical reaction at the anode 38. 
[0055] In the membrane electrode assembly 22, the 
oxygen-containing gas supplied to the cathode 40, and 
the fuel gas supplied to the anode 38 are consumed in 
the electrochemical reactions at catalyst layers of the 
cathode 40 and the anode 38 for generating electricity. 
[0056] After the oxygen-containing gas is consumed 
at the cathode 40, the oxygen-containing gas flows into 
the oxygen-containing gas discharge passage 30b, and 
flows in the direction indicated by the arrow A. Similarly, 



after the fuel gas is consumed at the anode 38, the fuel 
gas flows into the fuel gas discharge passage 34b, and 
flows in the direction indicated by the arrow A. 
[0057] The coolant supplied to the coolant supply pas- 
sage 32a flows into the coolant flow field 46 between 
the first and second metal separators 24, 26, and flows 
in the direction indicated by the arrow B. After the cool- 
ant is used for cooling the membrane electrode assem- 
bly 22, the coolant is discharged into the coolant dis- 
charge passages 32b. 

[0058] In the first embodiment, the first and second 
seal members 50, 58 are provided on the first and sec- 
ond metal separators 24, 26. However, the embodiment 
can be modified depending on the application. For ex- 
ample, insulating coating is utilized. Alternatively, car- 
bon plates may be used instead of the first and second 
metal separators 24, 26. 

[0059] FIG. 7 is a perspective view showing a metal 
clip member 80 of a fuel cell according to a second em- 
bodiment of the present invention. 
[0060] The metal clip member 80 includes a side plate 
82 and first and second holding portions 84, 86. The side 
plate 82 is curved at opposite ends, and the first and 
second holding portions 84, 86 are extending from the 
opposite ends of the side plate 82. The dimension H1 
of the first and second holding portions 84, 88 is greater 
than the dimension (width) H2 of the side plate 82. Edg- 
es 84a, 86a of the first and second holding portions 84, 
86 are curved or bent away from each other. The edges 
84a, 86a protrude from opposite sides in a direction in- 
dicated by the arrow W for a predetermined distance. 
[0061] Thus, the dimension of the edges 84a, 86a of 
the holding portions 84, 86 in the direction indicated by 
the arrow W is long, and the first and second metal sep- 
arators 24, 26 are securely held between the edges 84a, 
86a of the holding portions 84, 86. 
[0062] FIG. 8 is a perspective view showing a metal 
clip member 90 of a fuel cell according to a third embod- 
iment of the present invention. 
[0063] The metal clip member 90 includes a side plate 
92, and first and second holding portions 94, 96. The 
side plate 92 is curved at opposite ends, and the first 
and second holding portions 94, 96 are extending from 
the opposite ends of the side plate 92. The length of the 
first and second holding portions 94, 96 is greater than 
the length of the side plate 92. A relatively large opening 
98 is formed centrally in each of the first and second 
holding portions 94, 96. Edges 94a, 96a of the first and 
second holding portions 94, 96 are curved or bent away 
from each other. 

[0064] Since relatively large openings are formed in 
the first and second portions 94, 96 of the metal clip 
member 90, the metal clip member 90 is lightweight. The 
overall weight of the fuel cell is small. In particular, when 
a large number of the unit cells 12 are stacked together, 
the weight of the fuel cell is reduced considerably. 
[0065] According to the present invention, a metal clip 
member has relatively long first and second holding por- 
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tions. The outer regions of first and second separators 
are securely fastened by the first and second holding 
portions. Therefore, it is possible to effectively prevent 
the metal clip member from being detached from the first 
and second separators. The first and second holding s 
portions are long in comparison with a side plate of the 
metal clip member. Therefore, the first and second hold- 
ing portions have the elasticity to securely tighten the 
first and second separators. 

[0066] Thus, the unit cell can be assembled efficiently, w 
and the number of steps for assembling the unit cell is 
small. The sealing performance can be maintained in 
handling the unit cell, and the unit cell can be handled 
efficiently. 



Claims 



ing first and second unit cells (12) stacked together 
in a stacking direction, 

wherein each of said first and second unit 
cells (1 2) includes a clip attachment section (64a) 
for attaching said metal clip member (56); and 

said metal clip member (56) attached to said 
clip attachment section (64a) of said first unit cell 
(1 2) is not in alignment with said metal clip member 
(56) attached to said clip attachment section (64a) 
of said second unit cell (12). 

6. A fuel cell as claimed in claim 5, wherein said clip 
attachment section (64a) includes first and second 
positions (66a, 66b) for selectively attaching said 
metal clip member (56) to said clip attachment sec- 
tion (64a) at one of said first and second positions 
(66a, 66b). 



1 . A fuel cell including at least one unit cell (1 2), said 7. 
unit cell (12) comprising: 20 

an electrolyte electrode assembly (22) includ- 
ing a pair of electrodes (38, 40) and an electro- 
lyte (36) interposed between said electrodes 
(38, 40); 25 
a pair of separators (24, 26) for sandwiching 
said electrolyte electrode assembly (22); and 
a plurality of metal clip members (56) for hold- 
ing outer regions of said first and second sep- 
arators (24, 26) at a plurality of positions, 30 



A fuel cell as claimed in any preceding claim, said 
first and second separators (24, 26) each including: 

a metal plate; and 

an insulating section of insulating resin or insu- 
lating coating formed at an outer end of said 
metal plate, 

wherein and said metal clip member (56) is 
attached to said insulating section of said first sep- 
arator (24) and said insulating section of said sec- 
ond separator (26). 



wherein each of said metal clip members (56) 
includes a side plate (68) curved at opposite ends, 
and first and second holding portions (70, 72) ex- 
tending from the opposite ends of said side plate 35 
(68); 

a length of said first and second holding por- 
tions (70, 72) is greater than a length of said side 
plate (68); and 

said first and second separators (24, 26) are *o 
tightened together between said first and second 
holding portions (70, 72). 

2. A fuel cell as claimed in claim 1 , wherein said first 
and second holding portions (70, 72) have edges 
(70a, 72a) curved or bent away from each other. 



8. A fuel cell as claimed in claim 7, wherein said first 
and second separators (24, 26) include curved 
ends, respectively; and 

said curved ends of said first and second sep- 
arators (24, 26) are curved or bent away from each 
other at said insulating sections of said first and sec- 
ond separators (24, 26) for preventing disengage- 
ment of said metal clip member (56) from said first 
and second separators (24, 26). 

9. A fuel cell as claimed in claim 8, wherein said curved 
end (52) includes said insulating section of insulat- 
ing resin or insulating coating formed at said outer 
end of said metal plate. 



3. A fuel cell as claimed in claim 2, wherein said edges 
(84a, 86a) of said first and said holding portions (70, 
72) protrude from opposite sides of said first and so 
second portions (70, 72) for a predetermined dis- 
tance. 



4. A fuel cell as claimed in claim 1 , 2 or 3, wherein an 
opening (98) is formed centrally in each of said first 55 
and second holding portions (94, 96). 

5. A fuel cell as claimed in any preceding claim, includ- 
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